
amplifier such that the amplifiers are configured in an interconnected circular geometry, with the 
connected negative terminals of adjacent gain blocks being connected together to form a virtual 
ac ground: and 

(iii) the input port of each gain block is adapted to receive an ac input signal of at least 
substantially equal magnitude and opposite phase relative to the input port of an adjacent gain 
block. 



2. A distributed, circular geometry, power amplifier, comprising: 

(a) a first push-pull amplifier adapted to amplify an RF input signal, including a first gain 
block and a second gain block, each block having an input port with positive and negative 
terminals and an output port with positive and negative terminals, the blocks being 
interconnected at the positive terminals of their respective output ports by an inductive path: and 

(b) a second push-pull amplifier including a third gain block adjacent the second gain 
block and a fourth gain block, the third and' forth gain blocks each having an input port with 
positive and negative terminals and an output port with positive and negative terminals, the gain 
blocks of the second push-pull amplifier being interconnected at the positive terminals of their 
respective output ports by an inductive path, 

wherein the adjacent second and third gain blocks are interconnected at the negative 
terminals of their respective output ports to form a virtual ac ground and the negative terminal of 
the output port of the fourth gain block is connected to the negative terminal of the output port of 
the first gain block such that substantially all ac current that flows from the fourth gain block 
Hows into the first gain block, and 

wherein the input port of each adjacent gain block is adapted to receive an input signal of 
at least substantially equal magnitude and opposite phase. 

3. The power amplifier of claim 2, wherein the push-pull amplifiers are interconnected 
such that, for the fundamental frequency of operation, virtual ac-grounds are presented at the 
negative terminals of the output ports of the gain blocks. 

4. The power amplifier of claim 2. further including at least one additional push-pull 
amplifier having a pair of interconnected gain blocks, such that the negative terminal of the 
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output port of the fourth gain block is indirectly connected to the negative terminal of the output 
port of the first gain block via the at least one additional push-pull amplifier. 

5. The power amplifier of claim 2. further including 

(a) a third push-pull amplifier having fifth and sixth gain blocks, each block having an 
input port with positive and negative terminals and an output port with positive and negative 
terminals, the fifth and sixth blocks being interconnected at the positive terminals of their 
respective output ports by an inductive path, and 

(b) a fourth push-pull amplifier having seventh and eighth gain blocks, each block having 
an input port with positive and negative terminals and an output port with positive and negative 
terminals, the seventh and eighth blocks being interconnected at the positive terminals of their 
respective output ports by an inductive path, wherein 

the negative terminal of the output port of the fourth gain block is connected to the 
negative terminal of the output port of the fifth gain block, 

the negative terminal of output port of the sixth gain block is connected to the negative 
terminal of the output port of the seventh gain block, and 

the negative terminal of output port of the eighth gain block is connected to the negative 
terminal of the output port of the first gain block. 

6. The amplifier of claim 2, wherein each gain block comprises at least a first and a last 
three-terminal active device each having a cathode, an anode and a control terminal, the active 
devices of each gain block being connected together in cascode such that the cathode of the first 
active device serves as the negative terminal of the output port each gain block, the anode of the 
last active device serves as the positive terminal of the output port of each gain block, and the 
control terminal of the first active device is the input port of the gain block. 

7. The power amplifier of claim 2, wherein the push-pull amplifiers are monolithically 
integrated. 

8. The power amplifier of claim 2, wherein the inductive path of each push-pull amplifier 
is a metal slab. 
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9. The power amplifier of claim 8. wherein the inductive path is a substantial]}' straight 
metal slab. 

10. The power amplifier of claim 2. further including a resonant, harmonic tuning 
capacitor that is connected between the positive terminals of the output ports of adjacent gain 
blocks of adjacent push-pull amplifiers. 

1 1. The pow r er amplifier of claim 2, further including an inductive loop disposed between 
the input ports of adjacent gain blocks of adjacent push-pull amplifiers in order to tune the 
impedance presented to the RF input signal. 

12. The power amplifier of claim 2, further including an input power splitting network 
that symmetrically connects an in-phase balanced input signal to be amplified to the input ports 
of all gain blocks. 

13. The power amplifier of claim 12, wherein the input power splitting network 
symmetrically connects the in-phase balanced input signal from a point inside the circular 
geometry of the power amplifier. 

14. The power amplifier of claim 12, wherein the input power splitting network 
symmetrically connects the in-phase balanced input signal from points outside the circular 
geometry of the pow er amplifier. 

15. The power amplifier of claim 2, further including a power-combining circuit 
connected to the push-pull amplifiers that combines the signals amplified by each of the push- 
pull amplifiers. 

16. The power amplifier of claim 15. wherein the push-pull amplifiers are configured as a 
first closed loop to form a circular geometry primary winding of an active transformer, and the 
power-combining circuit is configured as a secondary winding of the active transformer that is 
located in proximity with and magnetically coupled to the primary winding, the secondary 
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winding having an output that provides the summed outputs of the push-pull amplifiers in the 
closed first loop. 

17. The power amplifier of claim 16, wherein the secondary winding is a single turn 

circuit. 

18. The power amplifier of claim 16, wherein the secondary winding is a conductive 
body having variable width sections. 

19. The power amplifier of claim 16, further including an input power splitting network 
that symmetrically connects an in-phase balanced input signal to be amplified from a point inside 
the circular geometry of the power amplifier to each input port of each gain block. 

20. The pow r er amplifier of claim 19, wherein the input pow r er splitting network 
comprises a plurality of twisted input loops in proximity with the secondary winding, thereby 
providing magnetic coupling from the secondary winding in order to enhance the gain or 
linearity of each push-pull amplifier. 

21. The power amplifier of claim 16, further including at least one additional secondary 
winding in proximity with and magnetically coupled to the primary and secondary windings to 
create an interdigitated transformer. 

22. The power amplifier of claim 16, further including at least one additional circular- 
geometry primary winding in proximity with and magnetically coupled to the primary and 
secondary windings to create an interdigitated transformer. 

23. A distributed, circular geometry, power amplifier for amplifying an RF input signal, 
comprising: 

a plurality of push-pull amplifiers, each amplifier including a first three-terminal active 
device and a second three-terminal active device, each active device having an anode, a cathode 
and a control electrode and adapted to amplify an input signal, wherein: 
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(i) the two active devices of each push-pull amplifier are interconnected at their 
respective anodes by an inductive path and share a common supply voltage to their respective 
anodes. 

(ii) the cathode of one active device of each push-pull amplifier is directly connected to 
the cathode of an adjacent active device of an adjacent push-pull amplifier such that the 
amplifiers are configured in an interconnected circular geometry, with the directly-connected 
cathodes of adjacent active devices being connected together to form a virtual ac ground, and 

(iii) the control electrode of each adjacent active device is adapted to receive an input 
signal of at least substantially equal magnitude and opposite phase. 

24. A distributed, circular geometry, power amplifier, comprising: 

(a) a first push-pull amplifier adapted to amplify an RF input signal, including 

(i) a first three-terminal active device having an anode, a cathode and a control electrode. 

(ii) a second three-terminal active device having an anode, a cathode and a control 
electrode, and 

(iii) an inductive path that interconnects the anodes of the first and second active devices, 
the anodes sharing a common supply voltage; and 

(b) a second push-pull amplifier adapted to further amplify the RF input signal, including 

(i) a third three-terminal active device adjacent the second active device and having an 
anode, a cathode and a control electrode, 

(ii) a fourth three-terminal active device having an anode, a cathode and a control 
electrode, and , 

(iii) a second inductive path that interconnects the anodes of the third and, forth active fi*A 1 
devices, the anodes of the third and fourth devices sharing a common supply voltage. 

wherein the first and second push-pull amplifiers are interconnected in a circular 
geometry such that the cathode of the second active device is connected to the cathode of the 
third active device to form a virtual ac ground, the cathode of the first active device is connected 
to the cathode of the fourth active device, such that substantially all ac current that flows from 
the fourth active device flows into the first active device, and 

wherein the control electrode of each adjacent active device is adapted to receive an input 
signal of at least substantially equal magnitude and opposite phase. 
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25. The amplifier of claim 24, wherein the cathode of the second active device is directly 
connected to the cathode of the third active device and the cathode of the first active device is 
indirectly connected to the cathode of the fourth active device via at least one additional push- 
pull amplifier. 

26. The power amplifier of claim 25, further including 

(a) a third push-pull amplifier having fifth and sixth active devices, each device having an 
anode, a cathode, and a control electrode, the fifth and sixth devices being interconnected at the 
anodes by an inductive path, and 

(b) a fourth push-pull amplifier having seventh and eighth active devices, each device 
having an anode, a cathode, and a control electrode, the seventh and eighth devices being 
interconnected at the anodes by an inductive path, wherein 

the cathode of the fourth active device is connected to the cathode the fifth active device, 
the cathode of the sixth active device is connected to the cathode of the seventh active 
device, and 

the cathode of the eighth active device is connected to the cathode of the first active 

device. 

27. The power amplifier of claim 24, wherein the push-pull amplifiers are monolithically 
integrated. 

28. The power amplifier of claim 24, wherein the inductive path of each push-pull 
amplifier is a metal slab. 

29. The power amplifier of claim 28, wherein the inductive path is a substantially straight 
metal slab. 

30. The power amplifier of claim 24, further including a resonant, harmonic tuning 
capacitor that is connected between the positive terminals of the output ports of adjacent gain 
blocks of adjacent push-pull amplifiers. 
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31. The power amplifier of claim 24, further including an inductive loop disposed 
between the two control electrodes of adjacent active devices of adjacent push-pull amplifiers in 
order to tune the impedance presented to the RF input signal. 

32. The power amplifier of claim 24, further including an input power splitting network 
that symmetrically connects an in-phase balanced input signal to be amplified to each of the 
control electrodes of each active device. 

33. The power amplifier of claim 32, wherein the input power splitting network 
symmetrically connects the in-phase balanced input signal from a point inside the circular 
geometry of the power amplifier. 

34. The power amplifier of claim 32, wherein the input power splitting network 
symmetrically connects the in-phase balanced input signal from points outside the circular 
geometry of the power amplifier. 

35. The power amplifier of claim 24, further including a power-combining circuit 
connected to the push-pull amplifiers that combines the signals amplified by each of the push- 
pull amplifiers. 

36. The power amplifier of claim 35, wherein the push-pull amplifiers are configured as a 
first closed loop to form a circular geometry primary winding of an active transformer, and the 
power-combining circuit is configured as a secondary winding of the active transformer that is 
located in proximity with and magnetically coupled to the primary winding, the secondary 
winding having an output that provides the summed outputs of the push-pull amplifiers in the 
closed first loop. 

37. The power amplifier of claim 36, wherein the secondary winding is a single turn 

circuit. 
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38. The power amplifier of claim 36, wherein the secondary winding is a conductive 
body having variable width sections. 

39. The power amplifier of claim 36. further including an input power splitting network 
that symmetrically connects an in-phase balanced input signal to be amplified from a point inside 
the circular geometry of the power amplifier to each of the control electrodes of each active 
device. 

40. The power amplifier of claim 39, wherein the input power splitting network 
comprises a plurality of twisted input loops in proximity with the secondary winding, thereby 
providing magnetic coupling from secondary winding in order to enhance the gain or linearity of 
each push-pull amplifier. 

41. The power amplifier of claim 36, further including at least one additional secondarv 
winding in proximity with and magnetically coupled to the primary and secondary windings to 
create an interdigitated transformer. 

42. The power amplifier of claim 36, further including at least one additional circular- 
geometry primary winding in proximity with and magnetically coupled to the primary and 
secondary windings to create an interdigitated transformer. 

43. A distributed, active-transformer, power-amplifier, comprising: 

(a) a first push-pull amplifier, including a first three-terminal active device and a second 
three-terminal active device each having a cathode, an anode and a control electrode, the active 
devices being interconnected at their respective anodes by a first inductive path, the anodes 
sharing a common supply at a point on the inductive path; 

(b) a second push-pull amplifier, including a third three-terminal active device and a 
fourth three-terminal active device each having a cathode, an anode and a control electrode, the 
third and -forth active devices being interconnected at their respective anodes by a second 
inductive path, the anodes sharing a common supply at a point on the inductiv e path; 
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(c) a third push-pull amplifier, including a fifth three-terminal active device and a sixth 
three-terminal active device each having a cathode, an anode and a control electrode, the fifth 
and sixth active devices being interconnected at their respective anodes by a third inductive path, 
the anodes sharing a common supply at a point on the inductive path; and 

(d) a fourth push-pull amplifier, including a seventh three-terminal active device and an 
eighth three-terminal active device, each having a cathode, an anode and a control electrode, the 
seventh and eighth active devices being interconnected at their respective anodes by a fourth 
inductive path, the anodes sharing a common supply at a point on the inductive path; 

the amplifiers being interconnected in a circular geometry such that the cathode of each 
active device of each amplifier is connected to the cathode of an adjacent active device of an 
adjacent amplifier, with both cathodes being interconnected to form a virtual ac ground, and 

each active device is operable in a phase opposite to the phase of an adjacent active 
device of an adjacent push-pull amplifier. 

44. A method of combining the amplified outputs of a plurality of push-pull amplifiers to 
form a power amplifier, each push-pull amplifier having two inductively-interconnected gain 
blocks, comprising: 

(a) configuring the plurality of amplifiers to form a first closed loop such that adjacent 
gain blocks of adjacent amplifiers are interconnected and as so interconnected, form virtual ac 
grounds; 

(b) driving adjacent gain blocks of adjacent push-pull amplifiers with at least 
substantially equal and opposite input signals; and 

combining the output power of the push-pull amplifiers in the first closed loop in a 
secondary coil that is located in proximity with and magnetically coupled to the first closed loop. 
f 

4 

Claim 45 is hereby cancelled without prejudice or disclaimer. 

REMARKS 

In an office action mailed December 19, 2002 (paper no. 10), claim 44 was rejected under 
35 l .S.C. 102(b) as being anticipated by U.S. Patent No. 3,098,200 granted to Jensen. The 
Applicants appreciate the indication by the Examiner that claims 1 through 43 are allowable, and 
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